IMPORTANCE Previous randomized clinical trials have reported inconsistent results on the effect of vitamin D supplementation on cancer incidence.
T he hypothesis that vitamin D may protect against the incidence of cancer arose from ecological studies [1] [2] [3] [4] published since the 1980s that reported inverse associations between sun exposure, the major source of vitamin D, and the incidence of several types of cancer. Subsequent metaanalyses of cohort studies [5] [6] [7] have provided further evidence, with low baseline 25-hydroxyvitamin D (25[OH]D) concentrations associated with the increased risk of cancer during followup, particularly the increased risk of colorectal cancer. In contrast, the recent evidence from mendelian randomization studies is inconsistent, with genetically low 25(OH)D concentrations being associated with the increased risk of cancer mortality and ovarian cancer in 2 studies, 8, 9 but not with several types of cancer in a third study. 10 Randomized clinical trials of vitamin D supplementation have also provided inconsistent results. Results from the Women's Health Initiative [11] [12] [13] did not show a protective effect of daily vitamin D and calcium supplementation against the incidence of colorectal, breast, and all invasive cancers, results that could have been due to the low vitamin D dosage of 400 IU/d. In contrast, 2 subsequent trials by 1 research group, 14,15 which administered a higher vitamin D dosage of 2000 IU/d with calcium, reported a reduced incidence of all types of cancer in the treatment arm. A consistent finding in both studies was an approximately 1-year lag from the time of randomization for the benefit of vitamin D to appear on survival curves, although this analysis was not prespecified. Given the limited trial evidence for the association of vitamin D supplementation with the incidence of cancer, we performed a post hoc analysis of a large community-based randomized clinical trial to investigate whether vitamin D supplementation is associated with a reduction in cancer incidence. The original primary aim of this trial was to assess the effect of vitamin D supplementation on the incidence of cardiovascular disease. 16 We also included cancer mortality as a secondary outcome given evidence from a recent meta-analysis suggesting that vitamin D supplements are associated with a reduction in cancer mortality, but not cancer incidence. 17 
Methods

Study Design
The Vitamin D Assessment (ViDA) study was a randomized, double-blind, placebo-controlled clinical trial carried out in Auckland, New Zealand, from March 1, 2011, to July 31, 2015 .
Full details of the study methods have been published. 18 Inclusion criteria were as follows: (1) age from 50 to 84 years; (2) the ability to give informed consent; (3) resident of Auckland, New Zealand, at the time of recruitment; and (4) anticipated residence in New Zealand for the 4-year study period. Exclusion criteria were as follows: (1) 
Randomization
After the baseline assessment, participants were mailed a run-in questionnaire (a 1-page, double-sided, self-completed questionnaire) with a blinded placebo capsule enclosed in the mailing. The participants were included in the study if they returned the questionnaire within 4 weeks, confirmed in the questionnaire that they ingested the capsule, and their laboratory results confirmed that they did not have hypercalcemia (corrected calcium level ≤10.0 mg/dL). A total of 5110 participants (4972 from the family practices, 138 from the community) were randomized from June 3, 2011, to January
Key Points
Question Is monthly high-dose vitamin D supplementation associated with cancer prevention?
Findings In this post hoc analysis of Vitamin D Assessment (ViDA) randomized clinical trial that included 5108 community adults in New Zealand, the cumulative incidence of cancer for a median follow-up period of 3.3 years was 6.5% among participants receiving 100 000 IU of vitamin D 3 monthly and 6.4% among participants receiving placebo.
Meaning Monthly high-dose vitamin D supplementation may not be associated with cancer prevention and should not be used for this purpose.
23, 2013, into 1 of the 2 treatment groups, designated in random blocks of 8, 10, or 12 participants, in a race/ethnicity group, and 5-year age strata. Treatment was randomized using computer generation by the study biostatistician, and all of the other staff and participants were unaware of the treatment assignment (blinded).
Intervention
A package of vitamin D 3 2.5-mg (100 000 IU) or placebo softgel oral capsules (Tishcon Corporation) were mailed to homes with a 1-page questionnaire (and reply-paid envelope) for the participant to record self-reported adherence; return of the reply-paid envelope was used to monitor retention. Two capsules were sent in the initial mailing after randomization (ie, 200 000-IU bolus of two 100 000-IU capsules or placebo) and followed monthly with vitamin D 3 , 100 000 IU, or placebo capsules. A monthly 100 000-IU dose of vitamin D 3 was chosen because pharmacokinetic research reported that this dosage-maintained serum 25(OH)D concentrations greater than 35 ng/mL for a month after ingestion. 23 The aim of the study was to raise serum 25(OH)D concentrations throughout the year to between 32 and 40 ng/mL, which observational studies suggested was optimal for health.
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Capsules were mailed monthly over a period of several days until June 2013. For reasons of cost, after July 2013, 4 capsules were mailed every 4 months, with monthly email or letter reminders for participants to take their monthly dose. Questionnaires were mailed monthly until November 2013. From March 2014, participants were sent questionnaires, 4 monthly with 4 capsules, and 1 capsule was to be taken each month. Participants stopped taking the assigned medication on July 31, 2015. 
Serum Calcium and 25(OH)D Concentrations
Cancer Outcomes
The New Zealand Ministry of Health maintains registries of all deaths and all primary invasive and in situ malignant neoplasms diagnosed from pathology reports (including cancer site and morphology) in New Zealand, excluding nonmelanoma skin cancers. 30 The accuracy of this cancer registry is similar to clinical audits of cancer registries in the United States and Europe.
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All New Zealand residents are assigned a unique Ministry of Health National Health Index number. These numbers were collected from all study participants who gave their written informed consent for the study researchers to access their Ministry of Health data. The National Health Index numbers were used to link individuals with cancer registra- tion data and deaths. Information collected about cancer history at the baseline assessment was used to help distinguish between prevalent and incident cases in the Cancer Registry data.
30
The aim of our analysis was to replicate the outcome definitions and statistical analysis methods used by Lappe and colleagues. 15 Cancer cases were defined as International Statistical Classification of Diseases and Health Related Problems, Tenth Revision (ICD-10) diagnosis codes C00-D09 or cancer deaths.
The primary outcome was the time to first cancer reported for all defined malignant neoplasms from the time of randomization until the study medication was discontinued on July 31, 2015. The primary outcome was examined in the following prespecified groups: overall (all participants), by sex, and by baseline deseasonalized 25(OH)D concentration (<20 ng/mL or ≥20 ng/mL).
The secondary outcomes were all defined malignant neoplasms reported from more than 12 months after randomization until the study medication was discontinued on July 31, 2015; from randomization through December 31, 2015; from 1 year after randomization through December 31, 2015; and the number of cancer deaths after randomization through December 31, 2015. Each secondary outcome was also examined in the prespecified groups. The follow-up period for some secondary outcomes continued for 5 months after discontinuing supplementation (to December 31, 2015) because serum 25 (OH)D concentrations remain higher in individuals receiving vitamin D supplements than in those receiving placebo for up to a year after discontinuing supplementation. 32 The study protocol specified identification of new cancer cases not as an outcome for the ViDA study, but to later combine data for common cancers with data regarding cancer from other vitamin D supplementation trials. This report is a post hoc analysis of data collected for other outcomes; thus, we developed the statistical analysis plan for the cancer outcomes and registered cancer cases as a secondary outcome with the trial website on October 10, 2017, before receiving the Ministry of Health cancer data on November 8, 2017.
Statistical Analysis
Analysis of the cancer outcomes was conducted on an intention-to-treat basis using National Health Index numbers to identify cancer registrations and deaths regardless of whether participants continued to actively participate in the study by returning the home questionnaires. Cox regression proportional hazards models with robust sandwich variance estimates were used to compare the time to first cancer in the 2 treatment groups. Noncancer deaths were censored. Analyses were performed using SAS, version 9.4 (SAS Institute Inc), and a 2-sided P < .05 was considered significant. Weighted Schoenfeld residuals were used to check the proportional hazards assumption, which was not violated for any of the following variables in the model: treatment, age, sex, and race/ ethnicity (all P > .05). Based on an overall cumulative incidence of 6.4% (328 cancer cases for the primary outcome), the study had 85% power to detect a risk ratio of 0.70 with 2-sided 95% CI. 33 
Results
Recruitment and Baseline Characteristics
From 8851 participants assessed for eligibility, 5250 participants had baseline assessments, and 5110 were randomized. We excluded 2 individuals who withdrew consent after randomization for their data to be retained by the researchers; thus, 5108 were included in the analysis of the primary outcome (Figure 1) . Of the 5108 participants included in the analysis, the mean (SD) age was 65.9 (8.3) years, 2969 (58.1%) were male, and 4253 (83.3%) were European or another race/ ethnicity (95.8% of whom had European ancestry), with the remainder being Polynesian or South Asian. Only 320 (6.3%) currently used tobacco, whereas 2173 (42.5%) were former smokers and 1214 (23.8%) reported being previously told by a physician that they had cancer. The mean (SD) observed 25 (OH)D concentration was 25.3 (9.5) ng/mL and deseasonalized concentration was 26.5 (9.0) ng/mL. Baseline characteristics were similar between the vitamin D and placebo groups ( Table 1) . 
Follow-up and Adherence
Cancer Outcomes
There were 375 participants who had a first cancer registration after randomization (60 of whom died) and another 29 who died of cancer diagnosed before randomization, giving a total of 404 participants with a cancer outcome up to December 31, 2015. Types of cancer are provided in Table 2 . The most common cancers were melanoma in situ (n = 71) and malignant melanoma (n = 55), followed by prostate cancer (n = 64), colorectal cancer (n = 38), breast cancer (n = 36), and lymphoid and hematopoietic cancers (n = 36).
The numbers of participants with the primary and secondary outcomes in the vitamin D and placebo groups during follow-up, along with hazard ratios (HRs) adjusted for age, sex, and race/ethnicity, are provided in Table 3 . (Figure 2) . Similar results were seen for all secondary outcomes as well as for nonskin cancers (Table 3) . Stratifying the sample by sex or by baseline 25(OH)D concentration produced similar results for all secondary outcomes (eTable in the Supplement). f Vitamin D group (n = 2504) and placebo group (n = 2504). Excludes those who were registered with a diagnosis of cancer within 12 months of randomization.
g Excludes malignant melanoma, melanoma in situ, and malignant neoplasm of skin.
h Excludes in situ neoplasms. analysis of vitamin D supplementation trials. 17 However, our results given in Table 3 comparing the vitamin D group with the placebo group do not confirm results from a recent Nebraska study 15 reporting a 35% reduced HR for follow-up starting from 12 months after randomization (P = .047), nor the 30% reduced HR for follow-up starting from randomization (P = .06).
Our results also do not confirm a recent meta-analysis of 3 trials that found that vitamin D supplementation was associated with a significant reduction in cancer mortality by 12%. 17 There are several possible explanations for why our trial did not observe a similar reduction in cancer incidence from vitamin D supplementation as in the recent Nebraska study. 15 First, we gave bolus doses rather than daily doses of vitamin D. Recent studies 35 suggest that vitamin D is more able to enter cells than 25(OH)D for conversion to the active metabolite of vitamin D (1,25-dihydroxyvitamin D); in our study, vitamin D would only have been present in the blood circulation for several days after each monthly dose because of its short half-life. 36 Thus, the Nebraska study 15 may have produced a stronger continuous vitamin D exposure from their daily dose. Second, participants received vitamin D alone rather than with calcium. It is possible that both medications, acting separately or synergistically, had a greater influence than vitamin D alone, although a reduction in cancer incidence was not seen in the Women's Health Initiative 13 which also gave both supplements. Third, the cancer profile in the ViDA study had a much larger proportion of cases with melanoma (33%) ( Table 2 ) compared with the Nebraska study 15 (6%), although analyses restricted to nonskin cancer produced a similar null result. The similar results for men and women in our study (Table 3) suggests that the inclusion of women alone in the Nebraska study 15 is an unlikely explanation for the difference in results between the 2 studies.
Other possible reasons for the null result in our study include an insufficient proportion of participants (25%) with vitamin D deficiency, which limited statistical power in that subgroup. However, the lower mean baseline observed 25(OH)D concentration in the ViDA study (25.3 ng/mL) compared with the Nebraska study 15 (32.8 ng/mL) suggests that participants in the former study were more likely to be deficient in vitamin D. Another possible explanation for the null finding is the relatively short follow-up time of the study (median, 3.3 years; range, 2.5-4.2 y) which may have been too short to detect any association of vitamin D supplementation with the incidence of cancer.
Strengths and Limitations
Our study has important strengths. Because our sample was recruited from the community, results are likely to be relevant for the general population. Adherence to taking the study capsule was high, as confirmed by the doubling in mean 25(OH)D concentrations in the vitamin D arm of the random subsample, which was 54.1 ng/mL at 36 months' follow-up in the vitamin D arm or 9 ng/mL higher than in the Nebraska study (eFigure in the Supplement). 15 Retention and active participation in the study were high: 87% of participants returned the final 2 questionnaires. We enquired extensively at the baseline assessment about cancer history, which allowed us to identify incident cancer cases after randomization. These cases were systematically identified from the cancer registry regardless of whether participants continued to actively participate, allowing us to do intention-to-treat analyses. Although our study had 85% power to detect a risk ratio of 0.70, observed in the Nebraska study, 15 our power was much lower for detecting an association between cancer and vitamin D, including the modest 12% reduction in cancer mortality reported in a recent metaanalysis of vitamin D supplementation.
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Conclusions
We showed that monthly high-dose vitamin D supplementation without calcium for up to 4 years is not associated with cancer prevention. Further research is required to study the influence of daily or weekly doses of vitamin D on the risk of cancer for longer periods of time. 
